In this study a headspace spectrophotometric method is proposed for analysis of dichloromethane and isobutyl methyl keton (IBMK) residues in the ampicillin powder. Ampicillin is dissolved in 1 M NaOH in the vessel of an arsenic analyzer unit of an atomic absorption spectrophotometer. After 3-min stirring, the headspace has flowed by air into the flow-through cell and its absorbance is read at 196 nm, as emitted by a selenium hollow cathode lamp. The absorbance of the headspace is read in two cases (in the presence and absence of MnO4 -ion). In the former case, the absorbance is only related to dichloromethane; in the latter, it is related to both solvents. By this method both solvents are determined in the ampicillin samples. The obtained results are compared with gas chromatography (GC) data. These results have good agreement. The proposed method is very rapid, selective and repeatable. Other solvents present, such as isopropyl alcohol, ethylacetate and triethylamine, are not interfering.
Introduction
Organic solvents are used in the different processes such as extraction, purification and recrystallization in the pharmaceutical preparations. However, a portion of these solvents can be trapped in the final product. Some residue solvents in drugs have allowable limits and the final products should not contain more than these amounts. At present, the most widely used method for volatile compounds such as residue solvents appears to be the gas stripping technique. 1 The volatile trace contaminants are stripped off with an inert gas, from which they are separated by adsorption on adsorbents. The adsorbents or desorbed compounds then with special precautions and inlet modifications are transferred into a gas chromatograph and analyzed separately. [2] [3] [4] [5] [6] [7] [8] [9] [10] Not only is this very time-consuming but losses of volatiles during sample collection can be substantial. [11] [12] [13] [14] Also, other analytical methods such as differential optical absorption spectroscopy, 15, 16 Raman spectroscopy 17 and ion mobility spectrometer using photoionization 18 have been used for analysis of the volatile compounds.
Recently, we have reported BTEX (benzene, toluene, ethyl benzene and xylenes isomers) determination by headspace spectrophotometry. 19 In this study, another application of the previous method is presented. Headspace spectrophotometry is rapid, simple and free of interferences. The proposed method is optimized and applied for analysis of residue solvents in the ampicillin samples.
Experimental

Reagents and solutions
All reagents were of pro-analysis grade and were purchased from E. Merck Company (Darmstadt, Germany). Stock solutions of isobutyl methyl keton (IBMK) and dichloromethane (10000 mg/L) were prepared in methanol. Working standard solutions were prepared by dilution of the previous solutions in 1 M NaOH. Ampicillin samples were obtained from the Zakaria Pharmaceutical Company (Tabriz, Iran).
Apparatus
The absorption/emission spectrophotometer (AA-670G, Shimadzu, Japan) consisted of an arsenic analyzer unit (ASA1) and a 10-cm quartz flow-through cell for mercury determination as cold vapor was used. COOLNICS (CTE-21, Japan) was used for temperature adjustments of the solutions. For the gas chromatographic analysis, a GC-101b Sanayeh Pars Analyse gas chromatograph with a 3 m × 3 mm i.d. glass column with OV-1 Gas Chrom Q, 80 -100 mesh and a flame ionization detector was used.
Procedure
Fifty milliliters of the analyte solution in 1 M NaOH were transferred into the vessel of the arsenic analyzer unit and then its door was closed. After 3-min stirring by magnetic stirrer, the headspace was flowed by air and its absorbance was read in the flow-through cell at 196 nm as emitted by an Se hollow cathode lamp. For determinations of residue solvents, 4 g of the ampicillin sample was dissolved in 10 ml of 1 M NaOH.
Results and Discussion
Selection of the hollow cathode lamp (HCL)
Selenium, lead and copper hollow cathode lamps (HCLs) were tested as radiation sources with maximum emission wavelengths at 196, 217 and 324 nm, respectively. Among the different solvents (isopropyl alcohol, triethyl amine, ethyl acetate, dichloromethane and isobutyl methyl keton) which were used in different processes of the ampicillin production and probably were trapped in the ampicillin powder, only dichloromethane and isobutyl methyl keton (IBMK) absorb the radiation emitted from Se HCL, whereas all the previous solvents were transparent relative to the radiation emitted from the two other HCLs. Isopropyl alcohol and triethylamine do not absorb 196 nm radiation due to lack of absorptive bond in that wavelength and ethyl acetate hydrolyzes in 1 M NaOH solution, which is used as a solvent in this study. Ethyl acetate is converted to ethanol and sodium acetate in experimental conditions. Ethanol does not absorb at 196 nm and sodium acetate does not introduce into the headspace. Therefore, the headspace absorbance is selective for dichloromethane and IBMK as shown in Fig. 1 . Solutions containing 5 -500 mg/L from each solvent were prepared in 1 M NaOH; absorbance of headspace was read after 1-min stirring with use of Se HCL as a radiative source. Results show that with the exceptions of dichloromethane and IBMK, other solvents have no absorbance in the studied wavelength. On the other hand, absorbance increase in the case of the two previous solvents with increasing in their concentrations can be used in quantification of these solvents. This method is simple, rapid and free of interferences resulted by other solvents and ampicillin.
Optimization of parameters
In our continued studies, those factors which can affect analytes in solution (1 M NaOH) and the headspace absorbances were investigated. Factors such as addition of different compounds, time of stirring and possible reactions, temperature and volume of solvent were studied and the optimum conditions were selected.
Effect of different compounds on the headspace absorbance
In the presence of 1 M NaOH, it is improbable that other compounds can be act as salting-out agent. Since both dichloromethane and IBMK absorb radiation in 196 nm, therefore, in this case those compounds must be added which react with one of the analytes and produce a nonvolatile product or volatile compound that does not absorb the studied wavelength. For this purpose, we investigated the possibility of oxidation or reduction of IBMK. Therefore reductants such as sodium thiosulfate, sodium sulfite, sodium borohydride and oxidants such as potassium permanganate were studied. The severest limitation in the selection of compounds is the high pH of solution (NaOH 1 M was used as solvent of ampicillin) and a few compounds are relatively good reductants or oxidants in the alkali medium. Potassium permanganate was used in 0.1 M concentration and other compounds were used in 1 M concentration. Figure 2 shows the effect of these compounds on the headspace absorbance of the studied solvents. These results show that the all mentioned compounds do not affect the headspace absorbance of triethylamine, ethylacetate and isopropyl alcohol. The effect of all compounds on the headspace of dichloromethane is negligible, with the exception of sodium sulfite that shows a slight salting-out effect. Sodium thiosulfate and sodium sulfite are effective salting-out agents for IBMK. The effect of potassium permanganate on IBMK is interesting and it can completely eliminate the headspace absorbance of IBMK. The color of the solution immediately converted from purple to green, which indicated that permanganate ion was reduced to the manganate ion and IBMK was oxidized. It seems that determination of the headspace absorbance in the presence of potassium permanganate (absorbance related to dichloromethane only) and in the absence of potassium permanganate (absorbance related to IBMK and dichloromethane) can be used in the analysis of their residues in ampicillin.
Effect of potassium permanganate concentration on the headspace of IBMK and dichloromethane
For this purpose, potassium permanganate 0 -0.5 M was added to the solution containing 250 mg/L each of IBMK and dichloromethane in 1 M NaOH; after 1-min stirring with a magnetic stirrer, the headspace absorbance was read (Fig. 3) . Potassium permanganate in low concentrations has no effect on the absorbance of dichloromethane, but in 0.5 M concentration a salting-out effect was observed and its absorbance was increased. On the other hand, with increasing of KMnO4 concentration, the absorbance of IBMK was decreased due to oxidation. The optimum concentration of oxidant was selected to be 0.1 M.
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Effect of temperature and the stirring time
Temperature and time are two factors which can affect quantitation of the reactions. Thanks to increasing in the stirring time, the reaction between MnO4 -and IBMK can reach the equilibrium situation. Temperature can affect reaction yield as well as equilibrium time. Therefore in our continued studies, the influence of the two parameters was investigated on the headspace absorbance of the analytes. Figure 4 shows the simultaneous effects of temperature and the stirring time on the absorbance. It is evident that the stirring time has no effect on the dichloromethane absorbance with or without potassium permanganate addition and IBMK absorbance in the absence of potassium permanganate. This shows that establishing of the equilibrium between solutions of the analytes and their headspaces is rapid; the equilibrium time for this process is less than 30 s. However, the time of stirring is an important factor for IBMK in the presence of KMnO4. At a low temperature those portions of IBMK which are present in the gaseous phase can not rapidly enter into the solution and be oxidized by the MnO4 -ion. On the other hand, at a low temperature, the reaction between IBMK and oxidant can not be quantitative due to time limitations, but in longer times the analyte is gradually introduced to the solution and oxidized with MnO4 -. Also, at a high temperature, the vapor pressure of IBMK is increased and the headspace is richer relative to its molecules. These molecules are not available to the oxidant directly. However, room temperature (24 ± 2˚C) due to limitations in temperature adjustment and 180 s time of stirring are selected as the experimental conditions in the following studies.
Effect of the solution volume
For this purpose, 10 -100 mL of the analyte solutions were selected. In each of these solutions, 25 mg of the analyte (dichloromethane or IBMK) was dissolved. Potassium permanganate (0.8 g) was used as an oxidant. Obtained results are shown in Fig. 5 . In the low volumes, a salting-out effect of KMnO4 on dichloromethane is apparent whereas in the high volumes this effect is negligible due to low concentration of KMnO4. The headspace absorbances of this analyte with and without oxidant addition are equal. It is evident that the absorbance of headspace was decreased with increasing volume of the solutions. By increasing the solution volume, two parameters simultaneously lead to decreased absorbance: 1) the analyte concentration had been decreased because constant amounts of the analyte had been dissolved in all cases and 2) the volume available to the vapor phase (headspace) had been decreased with increase of the solution volumes. It is mentioned that the capacity of the reaction vessel is about 130 mL; therefore, the sum of the volumes of solution and headspace is constant in all the experiments. Obtained results show that lower volumes of the analytes solutions are better and 10 mL was selected for analysis of these compounds in the ampicillin samples. On the other hand, this figure shows that IBMK was oxidized more quantitatively in 10 mL with respect to the high volumes.
Study of the quantitative characteristics of the proposed method
For evaluation of the quantitative characteristics of the present method, calibration curves of the analytes were plotted and linear dynamic ranges, correlation coefficients (r) and limits of detection (LOD) were obtained. Extent linear range (50 -1250 and 100 -1250 mg/L for IBMK and dichloromethane, respectively) and good correlation coefficients (r ≥0.998) are advantages of this method. LODs are relatively low (15 mg/L for IBMK and 30 mg/L for dichloromethane). Repeatability of this method was assessed by the six repeated determinations on the standard solutions containing 500 mg/L of each analyte. Obtained results as shown in Table 1 indicate that relative standard deviations are less than 3%.
Determination of dichloromethane and IBMK in the artificial binary mixtures
Evaluation of the reliability of the proposed method was carried out by determination of the analytes in the different binary mixtures. For this purpose, seven mixtures with different relative concentrations of dichloromethane and IBMK were prepared. The headspace absorbance of these solutions was read with and without KMnO4 addition and compared with those of the standard solutions. In the presence of the oxidant, absorbance is only related to dichloromethane due to oxidation of IBMK. The absorbance of the mixture in the absence of KMnO4 is related to both analytes. The absorbance of IBMK in the mixture is calculated by the difference of the previous data and compared with the absorbance of its standard solutions. The found concentrations for the analytes in the binary mixtures, along with relative errors, are given in Table 2 . These results show that in most cases bias is less than 4%, which indicates that the proposed method can be applied as a precise method in the analysis of these solvents residue in the pharmaceutical preparations or in other samples.
Determination of IBMK and dichloromethane in the ampicillin samples
Determination of IBMK and dichloromethane residues (remaining from the different processes in production) in the ampicillin samples was carried out by the proposed method and the obtained results were compared with gas chromatography (GC) data. In determination of the residue solvents with the proposed method, 4 g of the ampicillin samples was dissolved in 10 mL of 1 M NaOH in the vessel of an arsenic analyzer unit. After 3-min stirring, the headspace absorbance was read with and without potassium permanganate addition. In GC method, 1 g of the sample was added to the vial containing 10 mL of 1 M NaOH. The cap of the vial was immediately closed and the vial was shaken until the sample was dissolved completely. Five-microliter volume of this solution was injected to gas chromatograph. A typical chromatogram is shown in Fig. 6 . In this chromatogram, in addition to dichloromethane and IBMK, peaks of ethanol (results from ethyl acetate hydrolysis) and isopropyl alcohol are observed. Five ampicillin samples from the different batches were analyzed by both GC and the present method; obtained results are given in Table 3 . IBMK in the all samples and dichloromethane in the two samples were detected by both methods. Results from these methods have no considerable differences and are in good agreement. However, the proposed method can be used instead of the official method (GC) in the residue solvents determination in some samples. The major advantage of this method is short analysis time.
Conclusions
In this study, a rapid and repeatable method with the extent linear dynamic range was presented on the basis of headspace analysis by the atomic absorption apparatus for determination of the residual solvents in the ampicillin samples. Use of the headspace causes this method to be selective and nonvolatile compounds can not interfere. On the other hand, by the selection of a suitable hollow cathode lamp and with use of the reaction in the solution, interferences of the volatile compounds were also eliminated. This method was applied in the determination of IBMK and dichloromethane residues in the ampicillin samples. The obtained results agreed with the results of the official GC method.
